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 Abstract. A comprehensive review is given on cooperative scientific research between the University of 
Hohenheim and the Agricultural and Veterinary University of Cluj-Napoca in mycotoxinology (mainly 
fusariotoxins). New data of chemical and biological determination, occurrence, pathological effects and 
strategies for prevention are presented. The review demonstrates improved efficacy of research activities related 
to scientific cooperation common use of equipment, methods, research facilities as well as due to continuous 
scientific discussions and exchange between different groups. Informations on predominating toxins, 
concentrations in feed stuffs in Germany and Romania are given, a new approach to demonstrate subclinical 
effects is documented, the role of fusariotoxins on immunological response in piglets and pathological effects 
after intraperitoneal application of toxins to mice is described. 
 
INTRODUCTION 
 
Mycotoxins are products of the secondary metabolism of a large number of moulds. In 
this overview on our cooperative work, we predominantly will deal with occurrence and 
effects of fusariotoxins (field fungi) in Romania and Germany. These are mainly moulds, 
specialized to infect graminea. But it has been demonstrated, that occurrence in different plant 
families as for instance polygonaceae, leguminosae and even euphorbiaceae is possible. As 
climate is one aspect affecting the frequency of infections in grains, a comparison between 
frequency and type of infections of grains in Romania and Germany is of special interest. The 
high prevalence of fusariotoxins in the food and feed chain leads to a continuous load of 
animals and humans in affected countries by these toxins. Therefore we studied not only 
patho-toxicological aspects in experimental animals (mice) but even chronical and subclinical 
effects in piglets.  
 
ASPECTS OF MICROBIOLOGY AND CHEMISTRY 
 
Fusarium species are quite simple fungi growing invasive by formation of complex 
hyphal tissue. The mode of growth on different substrates has been demonstrated by our 
research partner in Hohenheim by scanning electron microscopy (Kang and Buchenauer, 
2000a) (fig.1). On cultivation plates, Fusarium grows in white (partially with a slight 
margenta effect) colonies (Dancea et al. 2006) (fig.2) 
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Fig. 1: Biology of Fusarium fungi (picture: group of 
Prof. Buchenauer, Hohenheim, Fusariotoxins in food 
chain) 
      
Fig. 2: On cultivation plates, Fusarium grows in white 
(partially with a slight margenta effect) colonies 
(Dancea et al. 2006)  
There are three groups of fusario mycotoxins relevant for human and animal health: 
Trichothecenes (sesquiterpenoids) affecting the red/ox status and  of biological systems as 
they contain a labile reactive epoxide, fumonisins with a strict cancerogenic capacity and 
zearalenones, which  are aromatic phenols with a flexible lactonic side group so being able to 
adapt to estrogene receptors (Drochner und Lauber, 2001) (fig.3). The ring bond epoxide 
interfers as well with protein-synthesis by binding of toxins to 60-S-subunits of ribosomes, 
which has been demonstrated by an US-research group (Feinberg and McLaughlin) in 1989. 
The standard chemical analytical procedure for trichothecenes is combined gas-
chromatography with mass spectroscopy. In Hohenheim, we developed a cleanup, derivation 
and gas-chromatography procedure which allows the simultaneous determination of eight 
different trichothecenes (Schollenberger et al., 1998). Zearalenone is anaylsed by High 
pressure liquid chromatography (Macri, A, 2005). 
 
 
 
Fig. 3: Chemistry of fusariotoxins 
 
EFFECTS ON PLANTS 
 
The infected plants show the phytopathological syndrome of head blight. Frequency and 
intensity of infection is dependent on strain and intensity of cultivation (Aufhammer et al, 1999). 
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Crop rotation systems with reduced parts of 
grains, deep ploughing, use of green ground 
cover plants is helpful in reducing frequency of 
fusarium infections. Sporules from the surface 
area infect spikes especially during blooming by 
wind transfer, but rainfall shows a distinct 
interaction. The invasive fungi grow infiltratively 
penetrating to the vascular system in stem and 
leaves (Kang and Buchenauer, 2000b). Infected 
spikes contain reduced levels of kernels, partly 
they are totally infertile (fig.4).  
Grains are reduced in shape with rigid 
surface. Capacity of germination of infected 
kernels is severely affected. Genetic differences 
in susceptibility of different strains are obviously, 
this has been tested for a period of years with our 
“Forschergruppe Fusarien” supported by the 
German Society of Scientific Research for eight 
years (Miedaner et al., 1997).  
 
 
 
 
SUBCLINICAL ASPECTS 
 
Fusario-Toxins induce specific and non-specific lesions and affections. As trichothe- cenes in 
general affect the red/ox-system, interaction with the immunological system seems to be most likely of 
importance. Indeed, we were successful, to show a stimulation of the immunoglobulin A level in the 
blood of growing piglets ( Drochner et al.2004), see  fig. 5. 
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Fig. 5 Plot of log (IgA) versus x = amount of DON taken up per animal and day in (g x 10-12) / [( LM in kg) 0.75] 
with fitted man regression   (            x). 
 
Reduced feed intake in piglets could be observed in studies with deoxynivalenol, isolated from 
our group after cultivation of special fusario-strains in batch cultures. With no question it is obvious, 
that there is a difference of toxicological effects of naturally bound or isolated deoxynivalenol in 
  
Fig. 4 Visually apparent infection of grain with 
fusarium culmorum (own picture). Small kernels, 
colour, broken samples,  visual layers of fungi, 
affected integrity 
βα +
•
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piglets (Dillenburger et al., 2000a) (see fig. nr. 6).  
 
 
Fig. 6: Development of piglets fed with contaminated wheat. Role of restrictive feeding: Trial of Dillenburger, 
Dissertation Hohenheim 
 The consequence is a reduced performance, an augmented number of runting piglets 
chronically ingesting limited levels of trichothecenes. As a model for human beings a 
chronical load of fusario toxin deoxynivalenol (DON) was tested in growing piglets, 
observing different parameters of metabolism. It could be shown, that a negative urea/glucose 
interrelation in the blood was significantly documented by a regression analysis in piglets 
receiving limited loads of DON (Drochner et al. 2006).  
Parallel to this finding an increasing level of ASAT was observed (Fig. 7). Part of 
Deoxynivalenol is absorbed and transformed to de-epxoxy-Nivalenol wich can be 
demonstrated even in faecal samples of pigs (Dillenburger et al., 2000b).   
 
 
 
Fig. 7: Effects of pure DON on the parameters of metabolism in pig. Plot of ASAT0,2vs. amount of DON taken 
up per animal and day in (µg)/(BW in kg)0,75), (Wald-F-Test). 
The role of continuous uptake of zearalenone by piglets has rarely been studied.  
Nevertheless, zearalenone contamination is nearly as important as that with 
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deoynivalenol (for maize this has been documented by Macri et al. for Romania, 2003). 
Subclinical effects therefore should be studiedmore intensively in the future, as this toxin 
frequently is found in a lot of cereals for humans and pigs. Zearalenone is absorbed in the gut 
to a high degree, partly transformed in the liver, excreted with the bile, partly by urine. 
 
CLINICAL AND PATHOLOGICAL ASPECTS 
 
Some trichothecenes, fumonisins and zearalenone are suspected to exaggerate 
carcinogenic effects (Baba, 2002). Clear descriptions of clinical symptoms of deoxynivalenol 
effects are missing. In a special trial with mice, loaded with different levels of isolated 
deoxynivalenol in the scientific group of the Institute of Pathology, Cluj-Napoca, a series of 
interesting pathological effects were observed. For instance, a degradation of central lobular 
cells surrounding the central vein (Macri, 2005) was observed. High levels of affected nuclei 
and double nuclei could be demonstrated in this area. This finding corresponds well with the 
red/ox aspects and epoxidic character of trichothecenes, discussed previously (fig. 8). Relation 
on epoxidic character of toxin and the immunological disposition has to be recognized.  
 
 
 
 
Fig. 8: DON-effects, intraperitoneally administered to mice 
 
The clinical signs of trichothecene toxicosis can be rarely with practical conditions 
demonstrated. The reason is the marked reduction in feed intake after exceeding a 
concentration of about 1 mg of DON per kg mixed feed (Anonymus, 2000). Rarely we were 
able to demonstrate vomiting in pigs after addition of different levels of isolated DON to the 
diet. Clinical effects were described as follows: diarrhoea, partly with bloody components, 
skin affections, irritation of the mucosa of the mouth cavity. 
The zearalenone adaptation to estrogenic receptors even in young piglets needs time. So 
dosage and time of exposition are important factors in this case. Worth mentioning is the 
observed high susceptibility of young female piglets even to low dosages of zearalenone 
(Drochner and Lauber, 2001). This is the reason, that for these animals, a dosage of 100 
microgramm administered for a longer time per kg feed is even critical. The pseudo 
estrogenic effects can be summarised as follows: Swollen vulva, edema of the teats, in male 
piglets additionally of the praeputial tissues. Change of behaviour with reduced feed intake 
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can be observed. Increasing risk of cystic degeneration of the ovary has been demonstrated. A 
special derivate of zearalenon, casually produced by fermentative metabolism in the rumen is 
zearalenol, an alcoholic derivate. This has a by far higher receptor affinity to estrogene 
receptors in tissues, a fact which might explain problems of establishing clear dose effect 
relations for this mycotoxin. 
 
OCCURRENCE IN SOUTHERN GERMANY AND ROMANIA 
 
Occurrence of DON and ZEA in food and feed in Germany and Romania is a practical 
problem. Some general results can be stated. The frequency of positive references for 
zeralenone and DON in Romanian feeds is comparable to those found in Germany. 
The main toxin in Germany is deoxynivalenol, followed by zearalenone and nivalenol 
(Müller et al.1997 a,b, 1989), (tab. 1, 2, 3). Special years with high rainfall during the 
blooming time of main grains (rye, wheat, barley and oats) show high fusarium contamination 
risks in Germany. Comparable experience for Romania at the moment is not available. Some 
contamination rates are exceeding concentrations of 2-3 mg DON per kg, a level which will 
most likely induce clinical effects after intake for a certain period. But even in food of 
conventional and organic origin in Germany we found remarkable levels of different 
fusariotoxins (Schollenberger et al., 2005). A comparable result was found for wheat flour 
(Schollenberger et al., 2002). An interesting tendency can be stated, that food from grains 
produced by organic farming, shows lower levels of toxin contamination. Interesting is the 
quite remarkable concentration of DON in noodles. Especially those strains of wheat with a 
high gluten concentration (hard wheat) are suspected to be highly susceptible to fusariosis.  
For Romania a high level of zearalenone contaminated corn samples from Transylvania 
could be stated (Macri et al., in preparation). Results for deoxynivalenol will be published in 
the next year. Regarding the occurrence of deoxynivalenol and ergosterol concentration in 
corn samples from Transylvania, results are presented in table 4. 
Tab. 1 
DON in district Stuttgart in the years 1987-1993 showing Fusario year 1987 (Müller und Schwadorf, 1993; 
Müller et al. 1997) 
Wheat Year of sampleing 
(Number of samples) % pos. Margins (µg/kg) Mean level (µg/kg) 
1987 (84) 96 4 - 20.538 1.692 
1989 (78) 69 3 – 1.187 152 
1990 (80) 96 8 – 8.969 595 
1991 (80) 96 4 – 4.627 359 
1992 (75) 95 18 – 5.412 335 
1993 (45) 96 19 – 6.165 391 
 
 
Tab. 2 
Frequency of positive DON-records in food (Schollenberger et al., 1999, 2002) 
Toxin-concentration in positive sample(µg/kg) 
Food (number of samples) Toxin 
Positive 
sample 
% 
minimum maximum mean median 
DON 93 24 7.730 697 320 
HT-2 21 12 51 17 12 
Wheat for food production (56) 
(harvest 1998) 
ZON 68 2 158 20 9 
DON 98 15 1.379 292 199 
HT-2 7 12  12 12 
Wheat flour (60) 
Year of sampling 1999) 
ZON 39 2 24 5 3 
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Tab 3 
Detection of Trichothecenes Deoxynivalenol (DON), HT2, and Zearalenone (Z) in food (Schollenberger et al., 
1999, 2002) 
Toxin-concentration in positive sample(µg/kg) 
Food (number of samples) Toxin 
Positive 
sample 
% 
minimum maximum mean median 
DON 83 15 788 92 62 Bread, bakers, ware, small 
and sweet cookies (96) HT-2 14 12 32 16 12 
DON 93 15 1.670 158 62 noodles (29) 
HT-2 28 12 25 13 12 
DON 56 15 238 75 53 Breakfast cereals (18) 
HT-2 31 12 22 13 12 
DON 54 15 305 107 36 Rice (26) 
HT-2 0     
DON 60 15 314 61 23 Baby food (25) 
HT-2 4 12 12 12 12 
 
 
 
 
 
 
Tab. 4:  
Zearalenone and Ergosterol contents of corn samples of Transylvania, Romania 
Total  Zearalenone (µg/kg) Ergosterol (mg/kg) 
 Number of samples 70 70 
 % Positive samples 54 100 
 Range in samples pos. 4-2250 0,2-72 
 Mean of samples pos. 326 4,3 
 Median of samples pos. 73 1,8 
Harvest 2001    
 Number of samples 35 35 
 % Positive samples 83 100 
 Range in samples pos. 4-2250 0,2-72 
 Mean of samples pos 416 6,4 
 Median of samples pos. 135 2 
Harvest 2002    
 Number of samples 35 35 
 % Positive samples 26 100 
 Range in samples pos. 4-192 0,2-9,7 
 Mean of samples pos. 36 2,1 
 Median of samples pos. 10 1,7 
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